Involvement of SSAO/VAP-1 in oxygen-glucose deprivation-mediated damage using the endothelial hSSAO/VAP-1-expressing cells as experimental model of cerebral ischemia.
In the acute phase of ischemic stroke, endothelial cells are activated and induce the expression of adhesion molecules. Vascular adhesion protein 1 (VAP-1) is a proinflammatory protein that mediates leukocyte recruitment through its semicarbazide-sensitive amine oxidase (SSAO) activity (EC 1.4.3.21). Plasmatic SSAO activity predicts the appearance of parenchymal hemorrhages after tissue plasminogen activator treatment in ischemic stroke patients, and it is increased as well in hemorrhagic stroke patients. The aim of this study has been to elucidate the role of SSAO/VAP-1 present in endothelial cells during ischemic stroke conditions. Based on the use of endothelial cells expressing, or not expressing, the human SSAO/VAP-1 protein, we have set up an easy ischemic model using oxygen-glucose deprivation (OGD) as an experimental approach to the stroke process. Different OGD and reoxygenation conditions have been analyzed. Western blotting has been used to analyze the activated apoptotic pathways. Several metalloproteinase inhibitors were also used to determine their role in the SSAO/VAP-1 release from the membrane of endothelial cells to the culture media, as a soluble form. Adhesion assays were also performed in order to assess the SSAO/VAP-1-dependent leukocyte adhesion to the endothelia under different OGD and reoxygenation conditions. Our results show that SSAO/VAP-1 expression increases the susceptibility of endothelial cells to OGD, and that its enzymatic activity, through specific substrate oxidation, increases vascular cell damage under these experimental conditions. Caspase-3 and caspase-8 are activated during the death process. In addition, OGD constitutes a stimulus for soluble SSAO/VAP-1 release, partly mediated by metalloproteinase-2-dependent shedding. Short-time OGD induces SSAO/VAP-1-dependent leukocyte binding on endothelial cells, which is partly dependent on its enzymatic activity. Our results show that SSAO/VAP-1 could participate in some of the processes occurring during stroke. Its expression in endothelial cells increases the OGD-associated cell damage. SSAO/VAP-1 mediates also part of the tissue damage during the reoxygenation process by oxidizing its known enzymatic substrate, methylamine. Also, OGD constitutes a stimulus for its soluble-form release, found elevated in many pathological conditions including stroke. OGD induces SSAO-dependent leukocyte-binding activity, which may have consequences in disease progression, since leukocyte infiltration has shown a determinant role in cerebral ischemia. For all the stroke-related processes in which SSAO/VAP-1 participates, it would be an interesting therapeutic target. Therefore, this model will be a very useful tool for the screening of new molecules as therapeutic agents for cerebral ischemia.